The wave function method for off-energy shell potential scattering is rederived and reexamined by using a representation for the wave matrix introduced by Sasakawa and Sawada. In contrast to earlier approaches to the problem all results are obtained without loss of any mathematical rigor. The relation between the outgoing wave and the principal value wave function is exploited to present a proof of the off-shell unitarily relation, which in turn is used to reproduce the K matrix theory of Kouri and Levin. § l. Introduction 
The wave function method for off-energy shell potential scattering is rederived and reexamined by using a representation for the wave matrix introduced by Sasakawa and Sawada. In contrast to earlier approaches to the problem all results are obtained without loss of any mathematical rigor. The relation between the outgoing wave and the principal value wave function is exploited to present a proof of the off-shell unitarily relation, which in turn is used to reproduce the K matrix theory of Kouri and Levin. § l. Introduction Recent interest in the wave function approach to off-shell sea ttering has been stimulated mainly by the work of Fuda and Whiting. 11 Here the two-body amplitudes are obtained by using off-shell wave functions constructed from the solutions of an inhomogeneous differential equation with peculiar attention to their asymptotic behaviour.!l' 21 A more rigorous treatment of the problem can, however, be based on the resolution of the underlying dynamical equation into a two-step procedure 31 which introduces the off-shell Jost formalism in a rather natural way. The physical and principal value wave functions are obtained in terms of Jost-type functions.''·'' In § 2 we show that the representation for the off-shell wave matrix introduced by Sasakawa and Sawada 51 also provides a general framework to develop the wave function approach. We attain added realism and sophistication in § 3 by deriving the off-shell unitarity relation 61 and K matrix theory of Kouri and Levin. 71 Vve draw some conclusions in § 4. § 2. Off-shell wave functions
In the wave function approach the two-body amplitude is studied bv expressmg the M06ller wave operator f2 in a mixed representation <r!f2lqlm). The operator f2 satisfies the equation
where V and G stand for the potential and free particle Green's function operator.
Boundary conditions on G are incorporated by writing (2) 
where fJ (x) is a unit step function and k the on-shell momentum related to the two-body centre-of-mass energy. 
The higher partial wave generalization of our result is quite straightforward. We work in unit in which h 2 /2m is unity. In terms of (2), the off-shell wave matrix of Sasakawa and Sawada') is given by (4) with (5) Introducing an off-shell momentum q we can write (5) in a mixed representation. For a spherically symmetric local potential the physical wave function is obtained in the form
where (kiT (k 2 ) fq) refer to the half off-shell T-matrix and_ are determined by the behaviour of (6) near the origin. We have
Here f(k, q) and f(k) stand for the off-and on-shell ]ost function, the properties of which have been discussed in some detail in Ref. Ricatti-Bessel functions will refer to the on-shell momentum. Finally, we have also used the result (9) Equation (9) 
As noted earlier the Green's function appropriate to the standing wave boundary condition is obtained with the choice IA)<BI = lv)<ul. Proceeding as above, we get the principal value solution as
where the half-off-shell K matrix
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In terms of the wave function <j;P (k, q, r), the expression for the off-shell K matrix lS 2 i=
Jo
The on-shell K matrix is normalized as § 3. Off-shell unitarity and [( matrix theory
From (6) and (12) we get <j;P(k,q,r) =</J+(k,q,r) +_lnq<kiTW)Iq
(15) 4 The on-shell limit of (6) is
¢+(k,r)=;i[f(k,r)-f(-k,r)]-~nk<kiTW)Ik)f(k,r).
(17) Multiplying (17) by the half-off-shell K matrix (kiK (k") lq) and using the resulting expression in (16), we obtain <j;P (k, q, r) = ¢+ (k, q, r) + j~q<kiK W) lq)¢+ (k, r) +n 2 q{<kiTW) lq)-<kiKW) lq) +£~k(k1T(h 2 ) lk)<kiKW) lq)}f(k, r). (18) The object inside the curly bracket in (18) can be shown to be zero with the hel.p of the relations 
Note that (19) and (20) have been obtained by combining (7) and (13) 
The on-shell limit of (21) is
On eliminating (/J' (k, r) from (21) and (22), we obtain inq ,
We now use (23) in (14) to get
Interestingly, (24) represents the off-shell unitarity relation. 6 ) This relation 1s
given in the work by Newton,') where the author has chosen to work with the on-shell normalizations, and
We now proceed to establish equivalence of the off-shell unitarity condition and K matrix theory of Kouri and Levin.n The basic philosophy of Kouri and Levin's approach is as follows. We begin by writing the relation between the half-off-shell matrix elements of K and K deduced by Kouri and Levin.n This can be written as
Equating the real part of both sides of (24), we obtain
Combining ( On establishing a relation between (k, q, r) and cjJP (k, q, r) we have presented a general proof for the off-shell unitarity relation which reproduces the K matrix theory of Kouri and Levin in a rather natural -vvay. Thus complete equivalence between the wave function approach and K matrix theory 7 J is established. The :formalism developed here refers to scattering by a local potential. Similar trec1t-ment can also be made for the non-local potential.
Keeping the above in view, we venture to suggest that both these approaches may be used to generate the matrix elements of the ]( operator needed in the stuclic;s of nuclear scattering reactions. One \Yould, ho-vvever, prefer to work with the ·,vave function approach because of its obvious virtue of simplicity. 10 l 
